SUMMARY Seventy four patients (66 men, eight women; mean age 54-3 years) underwent submaximal exercise testing 7-23 days (mean 10-7) after acute myocardial infarction. Follow up was a mean period of 11-3 months. When compared with patients with no exercise induced abnormality, ST segment elevation, ST shift (depression or elevation or both), ST depression, inability to complete five metabolic equivalents, and inadequate blood pressure response to exercise were predictive of subsequent cardiac events (cardiac death, left ventricular failure, recurrent myocardial infarction, angina). When the presence or absence of specific variables was assessed, only ST elevation and ST shift predicted subsequent cardiac events. The presence of exercise induced ST elevation was the only exercise test variable which predicted cardiac death. ST segment elevation was, therefore, the exercise induced abnormality which best predicted the risk of future complications.
Exercise testing early after acute myocardial infarction has become widely practised to provide a guide to the presence of multivessel coronary disease' 4 and subsequent prognosis.5-9 After acute myocardial infarction there are, however, often major persisting electrocardiographic abnormalities, and, particularly in subjects with transmural anterior infarction, exercise induced ST segment elevation is not infrequently seen. This study was undertaken to examine the relative importance of this feature in relation to other variables of known prognostic significance.
Patients and methods

PATIENT SELECTION
One hundred and ten consecutive patients (aged -65 years) with acute myocardial infarction were considered for early submaximal exercise testing, of whom 74 were exercised. Diagnosis of acute myocardial infarction was made when two of the following three criteria were fulfilled: (a) chest pain lasting longer Requests for reprints to Dr E Sowton, Department of Cardiology, Guy's Hospital, St Thomas' Street, London SEI 9RT.
Accepted for publication 13 March 1984 than 30 minutes; (b) increase in serum creatine kinase and lactate dehydrogenase activity to greater than twice the upper limit of the normal range, with a typical evolutionary pattern on serial estimations; and (c) evolutionary electrocardiographic changes. If the latter included the development of new significant Q waves, ¢0-04 s duration, with amplitude >25% of the subsequent R wave, the infarction was considered to be transmural and classified as anterior if Q waves developed in any of leads I, aVL, VI to V6, or inferior if Q waves occurred in at least two of leads II, III, aVF. Other evolutionary electrocardiographic changes consisted of symmetrical T wave inversion or ST segment elevation or depression >1 mm or both, persisting for more than 24 hours. If new significant Q waves did not occur the infarction was considered to be non-transmural.
Thirty six patients did not undergo treadmill exercise testing before discharge because of: in-hospital death (14) , persistent heart failure (2), insulin dependent diabetes mellitus (2) , persistent angina with urgent coronary artery bypass grafting (1), previous coronary artery bypass graft surgery (4), other disease (leukaemia 1, cerebrovascular disease 5), expected follow up difficulties in patients who did not reside locally (5), and patient refusal to provide informed con-147 148 sent (2 Follow up was for a mean period of 12X 1 (range [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] months in 67 patients. Seven asymptomatic patients with multivessel coronary artery disease who underwent coronary artery bypass surgery a mean period of three (range 1-9) months after infarction were considered lost to follow up at the time of surgery because of the uncertain influence on subsequent prognosis. Although the length of follow up was therefore short for some patients, inclusion was considered appropriate as 900/o of deaths, non-fatal cardiac arrest, or recurrent myocardial infarction which occur in the year subsequent to acute myocardial infarction occur within the first six months.12 Cardiac events were defined, in descending order of importance, as: (a) cardiac death, which was considered sudden if death occurred within 60 minutes of the onset of new symptoms; (b) left ventricular failure, which required symptomatic dyspnoea, a gallop rhythm with basal crepitations, and radiological confirmation of pulmonary venous congestion or interstitial alveolar oedema or both; (c) recurrent myocardial infarction diagnosed by the same criteria as those above; and (d) angina pectoris occurring despite antianginal medical treatment. Only one complication, the most serious, was documented for each patient. Drug treatment was at the discretion of individual physicians. Although 31 patients received beta blocking agents during the follow up period, only 13 of these received them as a secondary prevention measure in the absence of another indication for their use. Patients who had Submaximal exercise testing early after myocardial infarction exercise induced ST depression in any lead were asked to undergo left ventriculography and coronary arteriography six weeks after infarction. Otherwise, selection for this procedure was based on clinical grounds.
COMPARISON OF DATA
The proportion of patients with an abnormal exercise test variable who sustained a subsequent cardiac event was compared with the likelihood of a subsequent cardiac event in the group of patients who had a normal exercise test. The likelihood of a subsequent cardiac event in the presence or absence of a specific abnormal exercise test variable was also compared.
Differences between the means of independent observations were assessed by Student's t test; the x2 test with Yates's correction was used to assess differences between proportions.
Results
End points of the submaximal exercise tests were: (a) completion of five metabolic equivalents (31, 42%); (b) exceeding 70% of age predicted maximum heart rate (24, 32%); (c) angina (6, Sixteen other patients underwent coronary artery bypass graft surgery (median 2 (range 1-14) months after infarction). Nine of these had angina; in seven cases surgery was undertaken for prognostic reasons in patients with multivessel coronary disease.
PREDICTIVE VARIABLES Twenty (27%) patients had normal submaximal exercise tests; 54 (73%) had one or more abnormal variables. Forty two (57%) patients had ST segment shift, 28 (38%) ST depression, 21 (28%) ST elevation, and seven (90/o) both ST elevation and depression induced by exercise in different leads. Forty three (58%) patients did not complete five metabolic equivalents because of angina (6, 80/%), fatigue or dyspnoea (9, 12%), exceeding 70% of age predicted maximum heart rate (24, 32%), ventricular arrhythmias (2, 3%) or ST depression >5 mm (2, 3%). Eighteen (24%) patients had an inadequate blood pressure response to exercise, of whom four were receiving beta blockade. Every patient who had an inadequate blood pressure response to exercise had at least one other exercise abnormality; 12 had either ST depression or elevation, four exceeded 70% of age predicted maximum heart rate, and two were limited by fatigue or dyspnoea. The two patients who had ventricular arrhythmias during exercise also had ST depression. Of the six patients who were limited by angina, five also had ST shift: ST depression in four, ST elevation in one. Of the 12 patients who were receiving beta blocking agents at the time of submaximal exercise testing six had been treated for hypertension and two for angina preceding hospital admission, and this medication was continued. Four had beta blockade instituted after hospital admission because of chest pain in the peri-infarction period. Five patients taking beta blocking agents had no exercise induced abnormality, and together with two who were limited by fatigue, had an uncomplicated follow up. The remaining five, two of whom were limited by fatigue and two by angina, had abnormal ST segment responses to exercise: four had ST depression, three ST elevation, and two both ST depression and elevation in different leads. Of these, one died after recurrent myocardial infarction, one died suddenly, and three experienced angina during follow up. None of the patients taking beta blocking agents exceeded 700/o of age predicted maximum heart rate.
When compared with patients with no abnormality on exercise testing, the following variables were predictive of subsequent cardiac events (Table 1) : ST elevation (p<0-001); ST shift (p<0-001); ST depression or angina (p<0-02); ST depression (p<002); inability to complete five metabolic equivalents Half of the patients who experienced cardiac events during the follow up period did so because of the occurrence of angina. When analysis was confined to cardiac death, left ventricular failure, or recurrent myocardial infarction the presence of exercise induced ST elevation was the only exercise test variable which retained significant predictive value (p<005). If cardiac death alone was considered exercise induced Sullivan, Davies, Sowton (Table 3) .
When clinical variables were considered, cardiomegaly (cardiothoracic ratio greater than 0 5 on a chest radiograph before hospital discharge) was a statistical predictor of subsequent cardiac events (p<0.02), but not history of previous myocardial infarction, Killip classification III or IV,"3 nor site of infarction (Table 4) . None of these variables was a Submaximal exercise testing early after myocardial infarction statistically significant predictor of subsequent mortality.
Of the 52 patients who underwent gate blood pool scanning before hospital discharge, 16 with exercise induced ST elevation had a left ventricular ejection fraction 40-6 (3.1%) (mean (SEM)), which was significantly less than that of 36 patients without exercise induced ST elevation who had a left ventricular ejection fraction 52-3 (2.2%) (mean (SEM)) (p<0-01).
Discussion
The role of exercise testing early after acute myocardial infarction remains imprecise. The prediction of subsequent complications by exercise induced ST depression5-7 or a combination of abnormal exercise variables including ST depression" I has been reported. Other investigators have found that exercise induced ST depression did not predict subsequent mortality but that exercise duration8 or angina4 9 did. Variable findings may be partly explained by differences in patient selection, exercise methodology, and timing.
The extent of myocardial damage is the single most important prognostic factor after myocardial infarction. Clinical indices of prognosis'3-'5 are indirect assessments of this, and more recent studies have shown the prognostic importance of a low left ventricular ejection fraction. [16] [17] [18] [19] In the present study ST elevation, ST depression, limited exercise duration, and an inadequate blood pressure response to exercise were all predictive of subsequent cardiac events when compared with patients with a normal exercise test. When data were analysed for the presence or absence of each variable, however, only exercise induced ST elevation predicted either cardiac death or cardiac events. Only six patients experienced exercise induced angina; five of these subsequently reported angina, two of whom died. Four had ST depression and one ST elevation induced by exercise. Because of the small number this group was not analysed separately.
EXERCISE INDUCED ST ELEVATION
The significance of exercise induced ST elevation after infarction is controversial. It occurs usually in the presence of transmural anterior infarction, as in this study, and has been thought to represent wall motion abnormality rather than myocardial ischaemia202' and to suggest single vessel coronary artery disease when unaccompanied by ST depression in other leads. 22 One view is that "little significance should be attached to exercise induced ST elevation shortly after infarction when such changes occur in the leads bearing new Q waves,"23 and this exercise variable has been discounted,2 excluded from analysis,7 or not specified in many studies.
Our finding of a significantly lower left ventricular ejection fraction in patients with exercise induced ST elevation soon after infarction is in accordance with other investigators,34 and a recent report suggests that ST elevation in this context may predict subsequent mortality. 24 Corbett et al also found exercise induced "ST change,"25 which consisted of ST elevation or depression or both, more sensitive for the prediction of death or other cardiac events than ST depression alone, but as their study utilised supine bicycle exercise it may not be directly comparable.
The finding of a lower mean left ventricular ejection fraction in patients with exercise induced ST elevation suggests that this group of "higher risk" patients might be just as easily identified by clinical variables used to indirectly assess extensive left ventricular myocardial damage. In this study, however, only nine of the 21 patients with exercise induced ST elevation had any one of history of previous myocardial infarction, cardiomegaly, or Killip classification III or IV.
SITE OF MYOCARDIAL INFARCTION
Although the site of infarction was not a statistical predictor of cardiac events, there was a trend towards increased complications with anterior infarction (14 cardiac events, including seven deaths, from 24 cases of anterior infarction, NS). Most subjects with exercise induced ST elevation (17 of 21) had anterior infarction. When analysis was confined to patients with anterior infarction, however, exercise induced ST elevation was still predictive of subsequent cardiac events (13 cardiac events including six deaths, p<0-02). It therefore seems unlikely that exercise induced ST elevation is merely a marker of transmural anterior infarction, which was shown to have a worse prognosis than infarction in other sites in the Framingham study.26 Other studies have not, however, shown a higher long term mortality after anterior myocardial infarction compared with infarction in other sites, although it has been suggested that the early mortality may be higher.27
LEAD SYSTEMS FOR EXERCISE TESTING
Twelve lead electrocardiograms were recorded during and after exercise in this study, as has been the case in other studies.36 Other investigators have used a variety of lead systems including a single bipolar lead7 24 lead V5 only,8 leads VI, V5, and V6,"1 leads V4, V5, V6,9 Frank lead system,25 and 16 lead precordial mapping. 28 In the present study exercise induced ST elevation occurred much more frequently, and exercise induced ST depression was also more common, when 12 lead recordings were assessed than when analysis was confined to lead V5. Multiple lead recording may, therefore, be superior to single lead systems particularly in detecting exercise induced ST elevation.
INFLUENCE OF CORONARY ARTERY SURGERY AND BETA BLOCKADE
The influence of coronary artery bypass grafting after infarction remains undefined in asymptomatic or minimally symptomatic patients18 although it seems likely that the prognosis might be improved in those with multivessel coronary disease and reasonable preservation of left ventricular function.29 The seven asymptomatic patients who underwent coronary artery bypass grafting had their period of follow up terminated at the time of surgery for this reason. Eighteen patients in all underwent coronary artery bypass surgery. These included six (29%) of those with ST elevation, 10 (36%) of those with ST depression, and three (9%) of those with no ST shift; one patient undergoing coronary artery bypass surgery had both exercise induced ST elevation and depression. The two patients who died-one of whom had ST depression and the other ST elevation-were already at high risk from complicated infarctions; thus any overall benefit conferred by surgery is likely to have been almost evenly distributed to each of the groups with ST depression or elevation. Nevertheless, of the seven asymptomatic patients, four had exercise induced ST depression and none had ST elevation.
Thirty one patients received beta blockade during the follow up period. These included 20 (71%) of those with ST depression in any lead, 14 (74%) of those with ST depression in lead V5, 10 (48%) of those with ST elevation, and six (19%) of those with no ST shift on the predischarge exercise test. Five patients in this group had both ST depression and elevation induced by exercise in different leads. Only 13 of these 31 patients, however, received beta blockade for secondary prevention of future cardiac events30 31 in the absence of another clinical indication for the use of such agents. This small group of 13 patients contained nine (32%) of those with ST depression in any lead, seven (37%) of those with ST depression in lead V5, three (14%) of those with ST elevation, and three (9%) of those with no ST shift induced by exercise before hospital discharge. Among the 13 were five patients, four of whom had exercise induced ST depression, who also underwent coronary artery bypass grafting. Their follow up was terminated at the time of operation. A greater proportion of the group of patients who had exercise induced ST depression, therefore, received beta blockade for either therapeutic or prophylactic reasons or had follow up curtailed because of coronary artery bypass surgery compared with the groups who had either exercise induced ST elevation or no ST shift. Despite the small numbers involved this may partly explain Sullivan, Davies, Sowton the diminished predictive power of exercise induced ST depression for subsequent cardiac events in this study compared with previous investigations.5-7
CONCLUSIONS
Exercise induced ST elevation early after infarction was associated with an increased risk of subsequent complications and with a lower left ventricular ejection fraction in this group of patients. It has been reported that coronary artery bypass surgery may abolish exercise induced ST elevation in patients with transmural infarction and suggested, therefore, that the underlying mechanism producing this feature may be myocardial ischaemia rather than merely wall motion abnormality.28 Data from the Norwegian multicentre timolol trial30 indicate that those patients who had the greatest reduction in cardiac death from beta blockade were those from the high risk groups which were categorised clinically but which were likely to have included those patients with lower left ventricular ejection fractions.32 Hence, surgical and medical treatment may both have significant beneficial roles in patients who have exercise induced ST elevation early after infarction. As this sign may not persist indefinitely after infarction,33 and because risk of subsequent cardiac events is highest in the early months after acute infarction, it may be advisable to undertake exercise testing, preferably using a multiple lead system, before hospital discharge. This study was supported by the National Heart Foundation of New Zealand.
